Tropane alkaloids have proven to be a relevant group of pharmacological active molecules [1] . In particular, tropane bases from Erythroxylaceae species provide many examples of such compounds, including (-)-cocaine isolated from E. coca and the more recently discovered catuabines D-G from E. vacciniifolium [2] .
Tropane alkaloids isolated from Erythroxylum species show optical isomerism arising from different substitution patterns at the molecular scaffold. In the cases of 3α,6β-dicinnamoyloxytropane (1) , from E. hypericifolium [3] , and of 3α,6β-di(1-methyl-1Hpyrrol-2-ylcarbonyloxy)tropane or catuabine E (2) , from E. vacciniifolium [2] , this stereoisomerism can be related to other esters derived from the natural (+)-(3R,6R)-or (-)-(3S,6S)-3α,6βtropanediol enantiomers (3) for which, in most cases, no absolute configuration (AC) has been established [4] [5] [6] . The lack of stereochemical information seems to be due to the amounts of sample needed for the hydrolysis reaction to correlate chemically these esters with tropanediols of known AC [7] , like 2 reported with  D = -35.4, for which no AC is proposed up to now [2] , and for natural occurring 1 for which no optical activity data are available [3] .
Methodologies based on optical activity have recently been successfully used as alternatives to chemical transformations for determining the absolute configuration of tropanediol esters. These include the use of density functional theory (DFT) calculations in combination with electronic circular dichroism (ECD) for (-)-(3R,6R)-3α-(E)-4-hydroxysenecioyloxy-6β-senecioyloxytropane (4) [8, 9] , and vibrational circular dichroism (VCD) for (-)-(3S,6S)-3α,6β-diacetoxytropane (5) [10] , (+)-(3R,6R,2´S)-(6) and (-)-(3S,6S,2´S)-6β-hydroxyhyoscyamine (7) [7] . The VCD technique, which has been used more frequently than ECD, establishes diagnostic bands that can be related to an absolute configuration of the tropane moiety without the need to perform DFT calculations.
The use of these visual relationships has proven to be a reliable methodology for establishing the absolute configuration of other tropanediol esters, such as the enantiomers of synthetic 3α,6βdibenzoyloxytropane (-)-(3R,6R)-8 and (+)-(3S,6S)-8 [11] , and of natural occurring (-)-(3R,6R)-3α-senecioyloxy-6β-hydroxytropane (9), of the mixture of (-)-(3R,6R)-3α-hydroxy-6β-tigloyloxytropane (10) and (3R,6R)-3α-hydroxy-6β-senecioyloxytropane (11) , and of (-)-(3R,6R)-3α-hydroxy-6β-angeloyloxytropane (12) in mixture with 9 [12] .
In continuation of our studies towards the stereochemical assignment of tropane alkaloids, herein we describe the preparation, chiral resolution and VCD study of 1 and 2, which allowed the AC determination of natural catuabine E (2) by comparison with the reported optical rotation value. Preparation of racemic 1 and 2 was achieved by esterification of ()-3α,6β-tropanediol (3) with trans-cinnamoyl and 1-methyl-1H-pyrrol-2-ylcarbonyloyl chlorides, respectively, following known procedures [10, 11, 13] . Structural characterization was made by one-and two-dimensional NMR measurements. In the case of 1, complete assignment of the 1 H and 13 C NMR spectra ( Table 1) was necessary since only EIMS data were available [3] . In the case of 2, the NMR data were in agreement with previously reported values [2] .
The optically inactive samples of 1 and 2 were subjected to chiral HPLC, which allowed enantiomeric separation under normal phase conditions when using an amylose-derived stationary phase. Optical rotation values for 1 and 2 measured in CHCl 3 and EtOH (see Experimental Section) are in each case negative for the first eluted enantiomer and positive for the second compound. Of particular interest is the first eluted enantiomer of 2 which shows  D = -36.2 (c 1.0, EtOH), in agreement with that reported for natural (-)-2  D = -35.4 (c 0.57, EtOH) [2] , indicating that catuabine E corresponds to the first eluted enantiomer.
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Both for 1 and 2, the IR spectra of optical active isomers were identical, while bands in the VCD spectra were antipodal for each enantiomer, as would be expected (Figures 1 and 2 ). More specifically, in the 1100 -950 cm -1 region, isomers (-)-1 and (-)-2 showed four main bands with a -/-/+/+ pattern (going from low to high wave numbers), while isomers (+)-1 and (+)-2 showed the opposite +/+/-/-pattern.
It has been established [11, 12] that these patterns can be empirically related to an AC of the tropanediol moiety, as they do not depend on the identity, or even presence, of the esters on each hydroxy group. Specifically, the -/-/+/+ pattern has been observed in the VCD spectra of compounds (+)-6, (-)-8, (-)-9, (-)-10, 11 and (-)-12, which possess the (3R,6R) absolute configuration, while the antipodal pattern +/+/-/-/ has been observed in compounds (-)-5, (-)-7, (+)-8, which possess the (3S,6S) AC. Following these empirical rules [11, 12] , the absolute configuration of each isolated enantiomer of 1 and 2 can easily be established as (-)-(3R,6R)-1, (+)-(3S,6S)-1, (-)-(3R,6R)-2 and (+)-(3S,6S)-2. a coupling constants in the tropane moiety are equivalent to those of 8, which have been described [11] . Further validation of the empirical rule [11, 12] for this class of compounds can be obtained demonstrating that these VCD patterns arise only from the tropanediol asymmetry. This hypothesis was easily tested by measuring the VCD spectra of the anticholinergic bases (-)-scopolamine (16) and (-)-hyoscyamine (17) (Figure 3 ).
Both optically active compounds have a chiral 3α-tropic ester substitution, but lack a 6β substituent that originates an asymmetric Absolute configuration of two tropane alkaloids from Erythroxylum species Natural Product Communications Vol. 9 (1) 2014 29 tropane bicycle. As observed in the VCD spectra, neither shows the characteristic patters of tropanediol derivatives, further confirming the validity of the empirical rule used herein.
It follows that the AC of (-)-catuabine E (2) is now established as (3R,6R), while that of natural 1 remains to be known. These two compounds, together with 5, 8 and 13-15 , complete the series of seven known natural products having two identical ester groups. The AC of (-)-(3S,6S)-3α,6β-diacetoyloxytropane (5) [10] , the enantiomers of 3α,6β-dibenzoyloxytropane (8) [11] , (-)-(3R,6R)-3α,6β-ditigloyloxytropane (13) [14] and (+)-(3S,6S)-3α,6β-di-(3,4,5)-trimethoxycinnamoyloxytropane (14) [15, 16] have already been established, while for (-)-3α,6β-di-4-methoxybenzoyloxy tropane (15) [17] the AC remains unknown. Although we did not attempt to prepare 15, since the presence of methoxy groups complicates the chiral HPLC resolution, considering that 15 and 8 only differ in the 4-methoxy group, it is highly probable their optical rotation signs would remain unchanged within the same AC, thus suggesting the natural alkaloid to be (-)-(3R,6R)-15. Related evidence for this behavior is given by comparison of 1 and 14, which differ by the 3,4,5-methoxy substitution on both cinnamic esters, for which the optical rotation sign is preserved and the same AC is found for the two enantiomeric pairs. To conclude, it follows that the stereochemical information for this group of alkaloids will be complete after re-isolation of 1 and 8 from Nature to know their optical rotations. 
